Herein we describe a clean and sustainable, one-pot, multi-component protocol for the synthesis of 1,8-dioxo-decahydroacridines by Hantzsch condensation of cyclic 1,3-dicarbonyl compound and NH 4 OAc with diverse aryl aldehydes using citric acid as an inexpensive green additive in ecological safe solvent. Utilization of cheaper and safer catalyst, cleaner reaction profile, straightforward work-up procedure and good to excellent yields of the desired product are the noteworthy aspects of this method.
OUR environment needs to be protected from the growing amounts of waste and toxic by-products that sequentially lead to chemical pollution. Therefore, synthetic chemists are interested to develop relatively safer technologies which play a vital role in green chemistry. Establishing newer chemical transformations should satisfy the green principles such as non-toxic, non-flammability, ecofriendly medium, and separation as well as recycling of the catalysts. Since the last decade, efforts have been made towards the design and synthesis of an environment-friendly method with respect to reagents, catalysts and solvents that could be easily biodegradable 1, 2 . Multicomponent reaction (MCR) strategies have been widely used in the convergent synthesis of complex organic entities. The MCRs uses simple and easily available starting materials and provide high atom economy and selectivity. It is one of the important synthetic tools available to achieve both economic and environment-friendly goals. Therefore, the synthesis of heterocyclic compounds using significant bioactivities with MCR support is an important pursuit in organic synthesis.
Synthesis of acridines is a growing area of interest due to polyfunctionalized groups with a wide range of biological activities 3 . Among them, 1,8-dioxo-decahydroacridines is an important class of aza-heterocycles in which a phenyl-substituted pyridine ring is fused with two cyclohexanone rings. These structures contain 1,4-dihydropyridine (1,4-DHP) as a parent core, which acts as fluorescent probes in bioanalytical chemistry 4 and also used as potential drug candidates for the treatment of cardiovascular diseases. Some of these compounds are used in dye-sensitized solar cells and in the preparation of blue light-emitting devices 5, 6 . In addition, 1,8-dioxodecahydroacridines have been widely employed as DNA intercalators, SIRT1 inhibitors, and calcium and potassium channel modulators 7, 8 . Several studies have revealed that these heterocycles exhibit numerous medicinal applications which include antitumour, calcium-channel blockers, antileukemic, antifungal, anticancer, anti-atherosclerotic and bronchodilator [9] [10] [11] [12] [13] . They are also used as laser dyes, chemosensors and initiators in the photopolymerization process. These derivatives are highly important due to their structural similarities with coenzyme nicotinamide adenine dinucleotide (NADH), which plays an important role in biological systems.
The most common route for the synthesis of 1,8-dioxodecahydroacridines is the condensation of a diverse range of aryl aldehydes, dimedone or cyclic 1,3-dicarbonyl compounds with various nitrogen sources such as ammonium acetate, urea, ammonium hydroxide, ammonium bicarbonate and hydroxylamine [14] [15] [16] [17] [18] . A variety of catalysts such as sulphonated polyethylene glycol (PEG-OSO 3 H), silzic (SiO 2 -ZnCl 2 ), silica boron-sulphuric acid, proline, Zn(OAc) 2 , nano nickel cobalt ferrite (Ni 0.5 Co 0.5 Fe 2 O 4 ), carbon-based solid acid, Bronsted acidic imidazolium salts, ascorbic acid, acetic acid, tris(pentafluorophenyl) borane/B(C 6 F 5 ) 3 , silica-supported polyphosphoric acid, ammonium chloride, silica-supported Preyssler nanoparticles have been employed in this reaction [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . However, most of these reported methods have certain drawbacks such as use of toxic and corrosive solvents, expensive reagents, tedious preparation of catalyst, prolonged reaction times, complicated work-up procedure, harsh reaction conditions and low yields of the anticipated product. Therefore, a great demand still exists for the utilization of an efficient, simple and eco-friendly process, especially using cheaply available organocatalysts. Citric acid is a weak organic acid with the formula C 6 H 8 O 7 ; it was initially isolated and crystallized from lemon juice in 1784. It has been found as a natural preservative and antioxidant in a variety of citrus fruits like orange, lemon, pineapple, peach and pear. This organic acid is the most widespread intermediate product of metabolism. Furthermore, citric acid is also used for the preparation of salt and forms complexes with many metals such as magnesium, iron, manganese, calcium and copper. Due to its widespread presence, non-toxic nature and chemical stability, it has been used for sequestering in industrial process, as a softener in detergent, as an anticoagulant blood preservative and as a complexing agent in metal treatment. Other industrial and pharmaceutical applications of citric acid include an antioxidant in cosmetics, cleaning and buffering. Despite its huge industrial and pharmaceutical importance, only a few reports exemplify its catalytic application in organic synthesis.
In continuation of our research on the development of green and sustainable methodologies for the synthesis of bioactive heterocyclic scaffolds [33] [34] [35] [36] [37] , herein we describe a green protocol for the synthesis of 1,8-dioxo-decahydroacridines from one-pot, MCR of dimedone and NH 4 OAc with a range of aryl aldehydes in the presence of readily available citric acid as organocatalyst in ethanol at reflux.
Results and discussion
In order to optimize the various reaction conditions, such as effect of solvents and catalyst, the reaction of benzaldehyde (1 mmol), dimedone (2 mmol), and NH 4 OAc (1.2 mmol) was selected as the template in the presence of citric acid (2 mmol) as organocatalyst (Scheme 1).
In a preliminary experiment, the reaction was carried out in various solvents such as water, ethanol, ethanol : water, methanol, acetonitrile, dichloroethane and toluene at reflux; Table 1 shows the results. The best result was obtained in ethanol providing an excellent yield (89%) of the expected product in 150 min. (Table 1 , entry 2). Though the reaction proceeded in water (Table 1 , entry 1) ethanol : water (1 : 1), methanol, acetonitrile, dichloroethane or toluene, the yield of the desired product was moderate in these solvents with prolonged reaction time ( Table 1, entries 3-7) .
Next, we optimized the catalyst by varying the amount of citric acid; Table 2 provides the results. The amount of catalyst plays a crucial role in the yield of the desired product. No product was formed without catalyst ( Table  2 , entry 1). When the amount of citric acid was increased, the yield of the desired product also significantly increased ( Table 2 , entries 1-3). Maximum yield was obtained in the presence of 2.0 mmol catalyst ( Table 2 , entries 1-4). Further increase in the amount of citric acid did not have a profound influence on the yield as well as reaction time of the anticipated product (Table 2, entry 5).
After optimization of the reaction conditions, we evaluated the scope and generality of the present protocol by the reaction of a variety of substituted aryl aldehydes, dimedone and NH 4 OAc in the presence of catalyst (2.0 mmol) in ethanol at reflux; Table 3 shows the results. The aromatic aldehydes with varied electronic structure undergo smooth conversion affording the expected 1,8-dioxodecahydroacridines in good to excellent yields. It was observed that the electronic structure of the substituents on aldehyde had little influence on the yield of the anticipated 1,8-dioxo-decahydroacridines. Furthermore, aromatic hetrocyclic aldehyde also showed good conversion with 81% yield (Table 3 , entry 10). However, the reaction of aliphatic aldehyde showed low yield with prolonged reaction time (Table 3, entry 11).
The recyclability of the catalyst was checked for model reactions; Figure 1 depicts the results. After completion of reaction, the product was recovered by filtration and the filtrate was extensively extracted with chloroform. The catalyst present in the aqueous layer was then dried under vacuum before performing the reusability test. The recovered citric acid could be used in the next reaction cycle. The results indicated that the catalyst could be reused for at least three runs with a modest change in the yield of the product. Figure 2 shows the plausible mechanism of the formation 1,8-dioxodecahydroacridines. First, citric acid promotes enolization of 1,3-diketone (2), which reacts with aldehyde (1) to form the Knoevengel adduct (5). The adduct (5), undergoes Michael addition with the second molecule of dimedone to yield intermediate (6) . The intermediate (6) then reacts with ammonium acetate to yield amine (7) by imine intermediate. The resulting imine (7) undergoes intramolecular cyclization followed by dehydration to yield the desired product (4) .
In order to compare the efficiency and advantages of citric acid with reported catalysts, we have tabulated several 
Experimental
All the chemicals were obtained from a local supplier and used without further purification. The melting points were determined by open capillary method and are uncorrected. The FTIR spectra (Bruker ALPHA FTIR spectrometer) and NMR spectra (Bruker AC; 400 MHz for 1 H NMR and 75 MHz for 13 C NMR spectrometer using TMS as an internal standard) were recorded. The chemical shifts (δ ) are expressed in parts per million.
General procedure for the synthesis of 1,8-dioxo-decahydroacridine derivatives
A mixture of aromatic aldehyde (1 mmol), dimedone (2 mmol), NH 4 OAc (1.2 mmol) and citric acid (2 mmol) was stirred in ethanol (4 ml) at reflux. After completion of the reactions as monitored by thin layer chromatography (TLC), the reaction mixture was allowed to cool at room temperature, poured into ice-cold water (20 ml) and stirred continuously for 10 min. The resultant solid was filtered, washed with cold water and then dried. The crude solid was recrystallized in ethanol and characterized by spectroscopic techniques. 
Spectral data 3,3,6,6-Tetramethyl-9-(phenyl)-1,8-dioxo-decahydroacridine (

3,3,6,6-tetramethyl-9-(4-chlorophenyl)-1,8-dioxo-decahydroacridine (
Conclusion
In summary, here we report a simple and economically viable one-pot method for the synthesis of 1,8-dioxodecahydroacridine derivatives, via Hantzsch condensation of dimedone, NH 4 OAc with various aromatic aldehydes using commercially available, inexpensive citric acid as a greenorgano catalyst. Some important advantages of this method are the use of inexpensive reagents, absence of toxic effluents, use of green solvent and easy work-up procedure. In addition, the catalyst could be reused for at least three runs with a modest change in the product yield.
